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The invention relates to a novel process for the crystallization of glucopyranosylalditols selected from the group 
consisting of 1-O-a-D-glucopyranosyl-D-mannitol (1,1-GPM), 6-O-or-D-glucopyranosyl-D-sorbitoI (1,6-GPS) and 
1-O-a-D-glucopyranosyl-D-sorbitol (1,1-GPS). The process is performed by contacting a glucopyranosylalditol solution with particulate 
glucopyranosylalditol(s) suspended in a gas, drying the material to produce a multitude of microcrystals and conditioning the material into 
an agglomerated product. The invention also relates to a particulate crystalline glucopyranosylalditol product having novel properties, to 
the use thereof in confectionery, foodstuffs, pharmaceuticals and oral hygiene products, and to special products comprising the same. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


uc 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Cimaria 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


cc 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


ci 


C6te d'lvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/64916 



1 



PCT/FI00/00338 



Crystallization of glucopyranosylalditols, crystalline glucopyranosylalditol product and use 
thereof 

The present invention relates to a novel process for the crystallization of glucopyranosyl- 
alditols, to a particulate glucopyranosylalditol product having novel properties, to the use 
thereof in confectionery, foodstuffs and pharmaceuticals, and to special products 
comprising the same. The present invention specifically provides a product containing 
crystalline glucopyranosylalditol, wherein the crystals are produced by microcrystallization 
of glucopyranosylalditol from a liquid glucopyranosylalditol solution. 

The glucopyranosylalditols of the present invention are selected from the group consisting 
of 1-O-a-D-glucopyranosyl-D-mannitol (1,1-GPM), 6-O-a-D-glucopyranosyl-D-sorbitol 
(1,6-GPS) and 1-O-a-D-glucopyranosyl-D-sorbitol (1,1-GPS). 

The glucopyranosylalditols are generally produced by hydrogenation of isomaltulose and 
trehalulose which in turn are produced by isomerization of sucrose by specific bacterial 
strains or enzymes. The most well known of the isomerizing bacterial strains are 
Protaminobacter rubrum (CBS 574,77) and Erwima rhapontici (NCPPB 1578) which 
produce predominantly isomaltulose from sucrose, while some bacterial strains such as 
Pseudomonas mesoacidophila MX-45 (FERM BP 3619) and Agrobacterium radiobacter 
MX-232 (FERM BP 3620) are known to produce a larger proportion of trehalulose in the 
isomerization of sucrose as described, for instance, in US Patent 5,578,339 (Siidzucker 
Aktiengesellschaft). The ratio between isomaltulose and trehalulose may also be adjusted 
by controlling the conversion conditions. 

The isomaltulose and trehalulose may be hydrogenated as a mixture or they may be 
separated from each other prior to hydrogenation e.g. by crystallization, chromatography, 
etc. Hydrogenation of pure isomaltulose produces a mixture of 6-O-a-D-glucopyranosyl- 
D-sorbitol (1,6-GPS) and l-O-a-D-glucopyranosyl-D-mannitol (1,1-GPM). Although the 
hydrogenation theoretically should yield an equimolar mixture of the two glucopyranosyl- 
alditols, it has been shown that the proportion of each isomer may vary between, for 
example, 43 % and 57 %. Hydrogenation of trehalulose produces a mixture of 1-O-a-D- 
glucopyranosyl-D-mannitol (1 , 1-GPM) and 1-O-a-D-glucopyranosyl-D-sorbitol 
(1,1-GPS). 

The ratio of the different glucopyranosylalditols may be adjusted by adjusting the 
proportions of isomaltulose and trehalulose before hydrogenation e.g. by crystallization of 
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isomaltulose from mixtures of the two, by selecting the bacterial strains as shown in US 
Patent 5,578,339 or by adjusting the hydrogenation conditions as shown in 
EP-A1-0854148. 

The glucopyranosylalditols may also be produced as individual compounds or they may be 
separated into such from mixtures thereof in a manner well known to those skilled in the 
art, e.g. by crystallization. Thus, any ratios of the three glucopyranosylalditols may be 
obtained as desired. 

Both 1,6-GPS and 1,1-GPM have a sweet taste which has about half the sweetness of 
sucrose. Their substantially equimolar mixture is known as isomalt or Palatini^ and has 
found use as a commercial sweetener. 1,1-GPS also has a sweet taste but in contrast to 
1,1-GPM and 1,6-GPS, 1,1-GPS has not been found to crystallize easily from water. 

The glucopyranosylalditols are attractive as sugar substitutes in food contexts because of 
their metabolic, dental and technical characteristics. The glucopyranosylalditols have 
slightly less than half the sweetness of sugar and a caloric content which is less than that 
of sugar. By combining the glucopyranosylalditols with other sugar alcohols such as 
xylitol, sorbitol, maltitol or intense sweeteners a synergistic effect may be obtained which 
easily raises the sweetness of the product to that of sucrose as described in Carbohydrates 
in Industrial Synthesis, Edited by M.A. Clarke, Verlag Dr. Albert Bartens KG, Berlin, 
1992, pages 37 to 55. 

The glucopyranosylalditols, especially isomalt, have been used as sweetening agents 
resembling sugar. For instance, isomalt has been used in confectionery, bakery products, 
desserts, jams, chocolates, chewing gums, and in various dietetic products. The 
glucopyranosylalditols are metabolized largely independently of insulin, so they can be 
safely consumed by non-insulin dependent diabetics. 

The production and properties of the glucopyranosylalditols has been described by M. 
Munir et al. in Carbohydrate Res. 164 (1987), pages 477-485. Reference is made also to 
US Patent 5,578,339. However, the present invention is not limited to any specific way of 
producing the glucopyranosylalditols individually or as a mixture. 

Isomalt has been commercially produced in crystalline form by crystallization in a special 
equipment which provides a combination of vacuum evaporation, crystallization and 
drying (Carbohydrates in Industrial Synthesis, Edited by M.A. Clarke, Verlag Dr. Albert 
Bartens KG, Berlin, 1992, page 48). According to US Patent 5,578,339 (Sudzucker 
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Aktiengesellschaft) a liquid containing the three glucopyranosylalditols as well as mannitol 
and sorbitol may be obtained in a dry form by evaporation of the aqueous solvent. 
Increasing the proportion of 1,1-GPS in the glucopyranosylalditol mixture reduces the 
tendency of the glucopyranosylalditols to crystallize out in candies and jam. 

1,6-GPS and 1,1-GPM have been separated from their mixtures by fractional crystalli- 
zation, as described in GB Patent 1 483 998. Such a crystallization of the glucopyranosyl- 
alditols from a liquid such as from an aqueous solution requires specific crystallization 
conditions and fairly long crystallization times. Due to the nature of conventional 
crystallization methods all of the glucopyranosylalditols in the solution cannot be obtained 
in crystalline form. A part of the glucopyranosylalditols will always remain in the mother 
liquor and will be discarded with the mother liquor even after repeated series of crystalli- 
zations. This provides a comparatively low yield of the process. A possible presence of 
1,1-GPS complicates the crystallization further. 

Thus, there exists a need for improving the production of solid glucopyranosylalditol 
products and the present invention aims at satisfying that need. 

The object of the present invention is thus to provide an improved process for the 
crystallization of glucopyranosylalditol(s). 

An object of the present invention is also to provide a solid particulate glucopyranosyl- 
alditol product. 

Another object of the present invention is to provide a particulate glucopyranosylalditol 
product in a process which transforms a glucopyranosylalditol solution into a solid 
glucopyranosylalditol product in one overall operation. 

An object of the invention is also to provide a novel particulate glucopyranosylalditol 
product which is suitable for use in the food industry. 

Consequently, the present invention, which is defined in the appended claims, provides a 
novel process for producing a solid particulate glucopyranosylalditol product. Said process 
comprises contacting a liquid containing one or more dissolved glucopyranosylalditols 
selected from the group consisting of 1-O-a-D-glucopyranosyl-D-mannitol (1,1-GPM) and 
6-O-a-D-glucopyranosyl-D-sorbitol (1,6-GPS), and optionally l-O-a-D-glucopyranosyl- 
D-sorbitol (1,1-GPS), with gas suspended fine solid particles containing one or more of 
said glucopyranosylalditols; causing substantial removal of the solvent component of said 
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liquid and allowing the resulting glucopyranosylalditol material to form an essentially solid 
composition of matter comprising a multitude of microcrystals of said glucopyrano- 
sylalditol(s); and causing said glucopyranosylalditol composition to be conditioned during 
a drying step to provide a product with a multitude of microcrystal containing particles of 
glucopyranosylalditol(s) agglomerated together in a random manner. 

In a preferred embodiment of the process the fine solid particles consist essentially of 
microcrystals of one or more of said glucopyranosylalditol(s), preferably microcrystals of 
1,6-GPS and 1,1-GPM (isomalt). A specially preferred product of said process consists 
essentially throughout its entire structure of a multitude of microcrystals of one or more of 
said glucopyranosylalditol(s), especially of isomalt, agglomerated together in a random 
manner. 

In a preferred embodiment of the invention an aqueous solution of glucopyranosyl- 
alditol(s) is brought into contact with fluidized particles containing microcrystalline 
glucopyranosylalditol(s), the wetted particles are dried in a flow of warm gas, and the 
glucopyranosylalditol(s) on the surface of the particles is/are allowed to form new 
microcrystals on said surface. 

By further conditioning the particles, the microcrystallization is allowed to proceed for a 
sufficient time to provide a final product consisting substantially of microcrystalline 
glucopyranosylalditol(s). In cases where the glucopyranosylalditol is isomalt, or 1,1-GPM 
or 1,6-GPS alone, the resulting product preferably consists essentially throughout its entire 
structure of microcrystalline glucopyranosylalditol(s). 

In a preferred embodiment of the invention the wetted particles are substantially dried 
while falling down with a co-current air stream and allowed to settle into a porous layer of 
agglomerated microcrystallizing glucopyranosylalditol(s), which is then conditioned and 
cooled. The microcrystallization conditions are selected so that the cooled layer is dry, 
porous and brittle. If desired, the layer may be broken up into smaller fractions. Only a 
mild crushing action is needed to break up the agglomerated mass of microcrystals. The 
agglomerated product will primarily be broken up at the interfaces between individual 
crystals rather than by disrupting the crystals themselves. 

In another embodiment of the invention the particles are retained in a suspended state in a 
gas such as an air stream while additional solution is sprayed onto their surfaces until the 
particles have grown to a predetermined size or weight. The particles are then removed 
from the air stream, e.g. by gravity and conditioned as described above. 
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The gas suspended fine solid glucopyranosylalditol particles are preferably provided by 
recirculating a portion of the microcrystals containing product produced in the process 
itself. Said particles may comprise dust entrained in circulating drying air or it may be 
dust or fine particles provided by the crushing of the agglomerated microcrystal containing 
mass. At start-up, in the absence of microcrystal containing glucopyranosylalditol, the 
solid feed of the process may comprise milled crystalline glucopyranosylalditol from 
another source. This solid feed should, however, be progressively replaced by recycling 
part of the microcrystal containing product, in order to provide a total or in any case a 
substantial macrocrystalline structure to the product. 

The terms "microcrystalline" and "microcrystal" as used throughout the present specifi- 
cation and claims should be understood to mean very small crystals having a size which on 
an average is below 50/i, and generally is of the order of about 10pt, on an average. In 
contrast to the present microcrystals, the crystals obtainable by crystallization of 1,6-GPS 
or 1,1 -GPM from liquid suspensions by prior known crystallization techniques are discrete 
crystals the particle size of which, on an average, is of the order of about lOO-1000/i or 
larger. 

Consequently, the present invention provides a novel particulate glucopyranosylalditol 
product wherein each product particle comprises a multitude of microcrystal containing 
particles of one or more glucopyranosylalditols selected from the group consisting of 
1-O-a-D-glucopyranosyl-D-mannitol (1,1-GPM) and 6-O-a-D-glucopyranosyl-D-sorbitol 
(1,6-GPS), and optionally 1-O-a-D-glucopyranosyl-D-sorbitol (1,1-GPS) agglomerated 
together in a random manner. 

In a preferred embodiment each particle throughout its entire structure consists essentially 
only of a multitude of microcrystals of glucopyranosylalditol(s). 

Although the size of the particles according to the present invention is not critical and may 
vary according to the intended use of the product, the mean particle size of the gluco- 
pyranosylalditol product is generally between about 0.05 and 2.0 mm. The preferred mean 
particle size is generally about 0.15-0.4 mm. Each particle contains a mass of minute 
crystals. The particle size and distribution may be controlled to suit the intended use. 

The glucopyranosylalditol product may be used as such as obtained directly from the 
process, it may be broken up or it may even be cast in the form of ordinary sugar lumps 
or cubes. 
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The individual 1,6-GPS microcrystals generally comprise anhydrous 6-O-a-D-glucopyrano- 
syl-D-sorbitol, while the individual 1,1-GPM microcrystals generally comprise 1-O-a-D- 
glucopyranosyl-D-mannitol dihydrate. 1,1-GPS has not been found to crystallize easily 
from an aqueous solution and, consequendy, the 1,1-GPS optionally included in the 
product will generally dry by evaporation of the solvent without crystallizing. Amorphous 
1,1-GPS may thus be included in the mixture. The crystal mass may also include portions 
of amorphous 1,1-GPM and/or 1,6-GPS. In a preferred embodiment of the invention, the 
microcrystals consist essentially of an equimolar mixture of anhydrous 1,6-GPS and 
1,1-GPM dihydrate, i.e. of crystalline isomalt. 

It should be noted that the term "equimolar" mixture in this context is intended to cover 
also such mixtures where the glucopyranosylalditol isomers are present in a mixture of up 
to about 57 % of one and, correspondingly, about 43 % of the other, such a mixture being 
included in the term isomalt. 

In case the liquid (and solid) feed contains only one or the other of 1,1-GPM and 
1,6-GPS, then the resulting product particle will contain 1,1-GPM dihydrate or anhydrous 
1,6-GPS, respectively. 

The microcrystal containing glucopyranosylalditol product according to the present 
invention may be used as a bulk sweetener for the total or partial replacement of sucrose 
or other sweetening agents. Thus, it is useful in dietetic products, in confectionery, bakery 
products, cereals, desserts, ice cream, jams, beverages, etc., especially in chocolate, 
marzipan, hard candy and granulated or tabletted table top sweeteners. 

The glucopyranosylalditol product according to the present invention is also useful in 
pharmaceuticals where it is preferably included as a sweetener, an excipient, a diluent 
and/or a carrier. The microcrystals containing product according to the present invention 
can be tabletted into a tablet. 

A preferred embodiment of the present invention relates to a special sweetener which 
comprises microcrystals of glucopyranosylalditol(s). Such a sweetener may include other 
components such as excipients, binders and/or other sweeteners. 

Such other sweeteners are preferably also non-cariogenic sweeteners such as intense, 
sweeteners taken from the group comprising dipeptide sweeteners, saccharin, acesulfame 
K, aspartame, polyols, stevioside, cyclamate, sucralose and neohesperidin dihydro- 
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chalcone, etc. A combination of the present glucopyranosylalditol product with such 
sweeteners provides a synergistic sweetening effect which enhances the inherent 
sweetening power of the glucopyranosylalditol(s). Thus, for instance a combination of 
isomalt and about 10 to 25% of polyols such as xylitol, maltitol, lactitol and/or sorbitol 
provides a product having a sweetness similar to that of sucrose. 

The preferred non-cariogenic sweetener according to the present invention consists 
essentially of microcrystalline isomalt or of microcrystalline isomalt in combination with 
xylitol, maltitol, lactitol and/or sorbitol. 

Other components which may be used in the sweetener and/or other applications such as in 
pharmaceutical preparations may comprise, for instance, microcrystalline cellulose, 
carboxymethyl cellulose, polydextrose, dextrose, maltodextrin, lactose, sugar, etc. as well 
as other sugar alcohols. 

The microcrystal containing glucopyranosylalditol product of the present invention is 
preferably produced in a pure isomalt form, i.e. containing throughout essentially 
microcrystalline isomalt. 

The present microcrystal containing glucopyranosylalditol may, however, also be 
microcrystallized with other compounds. Thus, if the solid and/or liquid feed comprises 
other components, such as one or more of the above mentioned sweeteners or excipients, 
binders, active ingredients, etc. the product discharged from the microcrystallization 
apparatus will contain said other component(s). A secondary spray of another solid or 
liquid component may also be fed into the microcrystallization apparatus into contact with 
the microcrystallizing glucopyranosylalditol(s). 

Only such additional components can be used which do not significantly and adversely 
interfere with the microcrystallization according to the present invention. Specifically, it is 
necessary that the additional components and the amounts thereof are selected so that the 
microcrystallizing particles will be substantially dry by the time they leave the suspended 
state. If the initially dried particles contain too much moisture, they will be clogged 
together forming large compact structures, wherein the microcrystallization throughout the 
product cannot be ensured. 

Further embodiments of the present invention relate to products made from the novel 
microcrystal containing glucopyranosylalditol particles. Such products are typically edible 
products, pharmaceutical products and/or oral hygiene products such as those mentioned 
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above. The microcrystal containing glucopyranosylalditol of the present invention may, 
for instance, be advantageously used in the production of hard candy and chewing gum or 
in technological use. 

The present invention will now be described in greater detail. This description should, 
however, not be taken as limiting the invention to the precise wording thereof. A person 
skilled in the art will be able to provide numerous modifications and variations of the 
process without deviating from the invention as defined in the appended claims. 

The microcrystal containing glucopyranosylalditol particles produced according to the 
present invention are shown in the accompanying drawing, wherein 

Fig. 1 is a SEM photo showing the microcrystal containing glucopyranosylalditol structure 
in 200x magnification. 

Fig. 2 is a SEM photo showing the microcrystal containing structure in lOOOx 
magnification. 

Fig. 3 is a SEM photo showing conventional crystalline 1,6-GPS in 200x magnification. 
Fig. 4 is a SEM photo showing conventional crystalline 1,1-GPM in 200x magnification. 

In the process according to the present invention a liquid containing dissolved 
glucopyranosylalditol(s) is provided. The solvent component of said liquid is preferably 
water, although the glucopyranosylalditol(s) may also be microcrystallized from other 
solvents such as alcohols, e.g. ethanol or isopropanol. 

The glucopyranosylalditol concentration of said aqueous feed solution should be between 
about 30% by weight and about 80% by weight in order to quickly provide 
supersaturation for the crystallization. Said concentration is preferably about 50-70% by 
weight. 

Prior to feeding the solution into a microcrystallization apparatus, the solution is 
preferably heated in order to facilitate the subsequent removal of the solvent component 
and in order to more quickly provide suitable crystallization conditions in said apparatus. 
An aqueous solution is preferably heated to a temperature of about 45-95 °C, preferably 
about 60-80°C prior to feeding into said apparatus. 
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Especially in cases where the solution has a fairly low concentration the temperature 
should be kept in the lower range in order to avoid dissolving the solid fine 
glucopyranosylalditol particles. 

The solution should preferably be distributed in the form of small droplets in the micro- 
crystallization apparatus. To this end, the solution is preferably fed at a pressure through a 
nozzle into said apparatus. In the apparatus the solution is brought into contact with solid 
particles containing microcrystalline glucopyranosylalditol which are simultaneously fed 
into the apparatus so as to be fluidized or suspended in air in said apparatus. 

The fine solid glucopyranosylalditol particles used as dry feed should contain micro- 
crystalline glucopyranosylalditol. Preferably the particles consist essentially of 
microcrystalline glucopyranosylalditol(s). These particles may be provided by recirculation 
from the microcrystallization apparatus. Most preferably a fine fraction of the product is 
recirculated. Such a fine fraction typically has a mean particle size below about 0.2 mm, 
preferably below about 0.1 mm. However, when larger individual product particles are 
desired, correspondingly larger glucopyranosylalditol particles may be recirculated or fed 
into the apparatus from another source. The dry solid particles may also be dust or fine 
particles entrained in the drying air and fed back into the apparatus as solid feed. 

The solution is generally contacted with the gas suspended solid particles in an upper 
portion of the microcrystallization apparatus. Here the wetted particles and any free 
droplets of glucopyranosylalditol solution meet a drying gas such as heated air which is 
introduced into the apparatus to provide removal of the solvent component of said 
solution. The drying air is preferably heated to a temperature of about 45-250°C, 
preferably about 70-160°C. 

The drying should be accomplished in such a way as to substantially remove the solvent 
while said glucopyranosylalditol material is still in a gas suspended state. When the 
solvent is water, said drying should provide a suspended glucopyranosylalditol material 
dried to a free moisture content of about 0.1 to 2%, preferably below 1%. The free 
moisture is calculated as any water which is not bound as crystal water in the 
microcrystallizing glucopyranosylalditol. 

In case the drying is not sufficient or too much liquid has been fed into the apparatus, the 
glucopyranosylalditol material will be too wet and the crystals will stick together to form a 
dense or syrup-like structure where separate microcrystals can no longer be properly 
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discerned. 

A substantial amount of solid glucopyranosylalditol feed is required in order to obtain a 
satisfactory particulate microcrystal containing product. The suitable ratio of liquid 
glucopyranosylalditol feed to solid glucopyranosylalditol feed varies with the 
microcrystallization conditions. The ratio should be selected so as to provide a wetting of 
the solid particle surfaces without dissolving the core of the seed particles. The amount of 
liquid component also depends on the ease of volatilization of the solvent and on the 
temperature of the liquid feed as well as the temperature and amount of the drying gas. 

The suspended wetted particles may be dried by a co-current or a counter-current stream 
of drying air. The co-current air will flow downwards with the falling particles while a 
counter-current air stream will retain the particles in a gas suspended or fluidized state for 
a longer time. 

The particles carried downwards with a co-current air stream in a microcrystallization 
apparatus should be substantially dry by the time they reach the bottom portion of the 
apparatus and are allowed to settle there. The settling surface is preferably a means 
allowing building up of a suitable layer and for adjusting the reaction time in the layer. A 
belt moving at a speed sufficient to allow build up of a porous agglomerated layer of 
glucopyranosylalditol(s) is generally suitable. The layer typically has a thickness of about 
0.5 to 15 cm, preferably about 3-7 cm. The layer should preferably be so porous that air 
easily penetrates therethrough. 

The agglomerated layer of solidified glucopyranosylalditol should further be conditioned 
so as to allow microcrystallization to proceed in the layer. Said conditioning preferably 
includes two or more separate steps or phases with different temperatures. The layer is 
preferably treated e.g. by blowing a hot drying gas therethrough. The temperature and 
amount of the drying gas is selected so as to provide suitable microcrystallization 
conditions in the layer. The temperature of the drying gas is typically about 40-i50°C, 
preferably about 50-90°C. 

The conditioning may preferably be performed in several successive steps with, for 
instance, decreasing temperatures of the drying gas so as to ensure a proper drying and 
microcrystallization of the glucopyranosylalditol. 

The conditioning should continue for a sufficient time to allow microcrystallization of any 
liquid glucopyranosylalditol to take place in the layer. Typically, the conditioning should 
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continue for a time of about 10-180 min or more, preferably about 20-40 min. After 
conditioning a stable product is obtained. 

After conditioning, the agglomerated particle layer is preferably post-conditioned while 
being allowed to dry completely. When microcrystallized glucopyranosylalditol is 
recirculated within the process, care should be taken to recirculate only essentially dry 
particles. Problems may occur if the dry feed comprises recycled material which is moist. 
The microcrystallized layer should thus be properly dried before comminuting. 

If the surface on which the layer is allowed to settle is flat, the result will be a 
substantially flat porous and brittle plate comprising microcrystalline 
glucopyranosylalditol(s). However, the microcrystallizing glucopyranosylalditol product 
may also be gathered in moulds having any desired form such as resembling ordinary 
sugar lumps, or bars, strings, cubes, spades, hearts, flowers, etc. 

When the microcrystal containing product is in the form of a continuous layer, it is 
generally desirable to break up the agglomerated layer to provide discrete particles. Only a 
mild comminuting action is required for breaking up the bonds between individual micro- 
crystals. The glucopyranosylalditol product is preferably comminuted while warm. 

The resulting microcrystal containing glucopyranosylalditol particles are preferably 
fractionated after an eventual milling and a portion thereof is recirculated to provide a feed 
of solid particles containing microcrystalline glucopyranosylalditol into the 
microcrystallization apparatus. 

Generally the microcrystal containing glucopyranosylalditol particles are broken up so as 
to provide particles having a mean particle size of about 0.05 to 2.0 mm, preferably about 
0.15-0.4 mm. It is generally desirable to recirculate fine particles having a mean particle 
size below about 0.2 mm, preferably below about 0.1 mm, although larger particles may 
be recirculated, especially in cases where the desired end product comprises larger 
particles. 

In the case where the drying air is blown counter-currently to the downward movement of 
the wetted particles in the microcrystallization apparatus, the particles will be fluidized 
therein. By a suitable fluidization action the particles will be made to recirculate within the 
apparatus. In the apparatus a simultaneous wetting, drying and microcrystallization of 
particles will take place. Each particle will pass through several wetting and drying/micro- 
crystallization stages, colliding with other particles and growing ever bigger until the 
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particle reaches the size and weight wherein the fluidizing air no longer manages to retain 
them in a fluidized state. At this stage the particles will fall to the bottom of the apparatus 
and may be removed therefrom to be conditioned, for instance as described above. 

The solid feed to the microcrystallization apparatus in the counter-current case preferably 
comprises dust and fine particles recovered from the circulation of drying air. 

In the particulate microcrystal containing glucopyranosylalditol product according to the 
present invention each particle substantially throughout its entire structure comprises a 
multitude of microcrystals of glucopyranosylalditol agglomerated together in a random 
manner. The total glucopyranosylalditol purity of the product is preferably more than 
80%, preferably more than 90%, most preferably up to 98% or more. 

In the preferred process about 10-90%, preferably about 30-70%, most preferably about 
40 to 60% of the dry substance derives from a feed of solid microcrystal containing 
particles, preferably recirculated from the production line or from the drying air. A 
substantial amount of solid feed is essential in glucopyranosylalditol microcrystallization. 
The co-current system often requires slightly more solid feed than the counter-current 
system. Thus, for the co-current drying system, the preferred amount of dry substance 
deriving from the solid particles is 50-80%. 

The microcrystals in each product particle of the present invention are individually very 
small compared to the crystals formed by prior art crystallization processes. Generally, the 
size of the microcrystals in each particle is on an average below 50/x, preferably about 10pt 
on an average. 

Although 1,6-GPS crystallizes predominantly in the anhydrous crystal form and 1,1-GPM 
as a dihydrate in the process according to the present invention, also some amorphous 
glucopyranosylalditol(s) may be present. The degree of crystallinity of a microcrystalline 
isomalt product is, however, generally high, generally as high as 90% or more. 

The water content of the preferred microcrystalline isomalt product varies according to 
production parameters in the range of about 3 to 7 %. The product comprises dihydrate 
and anhydrous crystals although some of the dihydrate crystals may be partly or totally 
dehydrated. 

The invention will now be illustrated with the aid of a few examples. These examples 
should in no way be taken as limiting the invention. 
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Example 1 

Microcrystallization of isomalt 

An isomalt solution (dry solid concentration 54.1% by weight, purity over 98 % on dry 
substance with a 1,1-GPM to 1,6-GPS ratio of approximately 1:1) was fed into a heated 
feed tank. The temperature of the solution in the feed tank was kept at 65 to 68°C. 
Solution was supplied from the tank to a spray nozzle at a rate of 36.9 kg/h. The feed 
pressure of the solution varied from 100 to 140 bar. 

Simultaneously with the solution small particles of dry crystalline isomalt were fed to the 
microcrystallization apparatus at a rate of 19.3 kg/h. Drying air was also fed into the 
apparatus to dry the sprayed solution and wetted particles. The temperature of the air was 
adjusted to about 90 to 112 °C. The partly dried mixture of liquid and dry feed fell 
co-currently with the air-stream towards a screen having a temperature of 55 to 72 °C. 

The apparatus was operated under these conditions for 9 minutes. During this time an 
agglomerated, porous fluffy layer having a thickness of about 5 cm built up on the screen. 
The isomalt layer was conditioned on the screen for about 30 minutes and the temperature 
dropped slowly from 67 °C to 45 °C. The microcrystallized product was collected from 
the screen, subjected to a gentle milling at about 40°C and sieved. 

The water content of the microcrystalline isomalt product was found to be about 6.2 % by 
the Karl Fischer method. 

Example 2 

Microcrystallization of isomalt 

The procedure of Example 1 was repeated several times under varying test conditions. The 
solid feed comprised recirculated microcrystalline isomalt from Example 1. The test 
conditions are indicated in Table 1 . 
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Dry feed is essential in isomalt microcrystallization. Problems occurred when the dry feed 
was a recycled material which was moist. Cooling when moist made the layer hard. The 
microcrystallized layer was warm at milling. 

Example 3 

Microcrystallization of 1,6-GPS 

A continuous fluid bed 1,6-GPS microcrystallization is performed in an apparatus having a 
fluid bed drying chamber, equipped with a spray nozzle system inside in the middle of the 
chamber. The apparatus comprises a bottom screen with a hole for the discharge of the 
heaviest particles, and a cyclone to recover light particles. 

The chamber is loaded with 1 kg of powdered 1,6-GPS to act as seed material for the 
microcrystallization of 1,6-GPS. The powdered 1,6-GPS is fluidized with a flow of air 
(temperature 55-85 °C) through the bottom screen. A 1,6-GPS solution (concentration 60 
%, purity over 99 % D.S.) at a temperature of 70 °C is fed into the chamber with a 
pump, atomized by means of a nozzle and sprayed over the fluidized isomalt powder. 

The solution is supplied at a rate of 1 kg/h at a pressure of 1.5 bar to the fluidized 
1,6-GPS powder. The air flow rate is adjusted to fluidize the 1,6-GPS and to evaporate 
water at a rate sufficient to crystallize the 1,6-GPS. A microcrystalline agglomerate is 
formed when the 1,6-GPS crystallizes around the powder particles. The agglomerates 
remain in a fluidized state until they fall down when their weight is high enough. 1,6-GPS 
agglomerates are discharged continuously through the bottom opening. 

In the drying chamber the lightest, non-agglomerated 1,6-GPS particles are removed from 
the top of the chamber entrained in the exiting air stream. This fine 1,6-GPS material is 
recovered in a cyclone and fed back to the chamber to act as a continuous seed stream. 

The discharged agglomerated product is conditioned at a temperature of 45-50°C for 30 
minutes to balance the microcrystallization. 

Steady state conditions are reached when all the powdered 1,6-GPS used as a starting seed 
has been discharged from the process. The product obtained thereafter is a totally 
microcrystalline product which throughout its entire structure consists of microcrystalline 
1,6-GPS. 
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Example 4 
Chewing gum 

A microcrystalline isomalt product produced according to the process of Example 1 having 
a mean particle size of about 200 /xm was evaluated in a standard stick chewing gum 
production and compared to a chewing gum made from commercially available isomalt 
having a particle size wherein 90% was < 100 /xm. 

The following ingredients were used: 



Ingredient % Fresh Basis 

Gum base, Nova Base (Dreyfus) 25.0 

Sorbitol Syrup, Sorbifin LS (Xyrofin) 7.2 

a) Isomalt PF (Siidzucker AG) 47.0 

b) Microcrystalline isomalt 47.0 
Mannitol, milled (Cerestar) 8.0 
Glycerine (Henkel) 10.0 
Peppermint Flavour liquid (IFF) 1.2 
Peppermint Flavour powder (IFF) 1 . 6 
Aspartame (Nutrasweet) q.s (0.05) 



The isomalt a) was commercial crystalline isomalt and isomalt b) was microcrystalline 
isomalt produced according to the present invention. 

The chewing gums were produced by placing the isomalt powder in a Z-blade mixer and 
mixing in the softened gum base at a mixer temperature of 40 P C. The ingredients were 
thoroughly combined before the next ingredient was added. Then the sorbitol liquid was 
added followed by the mannitol and the powdered flavour. 

The glycerin was combined with the liquid flavour and aspartame and added to the mixer. 
As soon as a homogeneous paste was formed, it was removed from the mixer and dusted 
with milled mannitol. The paste was laminated to required thickness and cut. 



The commercial crystalline isomalt gum processed well in about 12 minutes. The finished 
gum had a good chew and posed no problems during processing. The microcrystalline 



WO 00/64916 



17 



PCT/FIOO/00338 



isomalt gum processed slightly quicker, in about 10 minutes. The paste produced was very 
soft and the finished gum had a softer texture than the batch produced with the 
commercial crystalline isomalt. This can be attributed to the larger particle size of the 
material. No grittiness was detected when chewing the sample. 

As can be seen from the above results the microcrystalline isomalt is suitable for use in a 
stick chewing gum. 

Example 5 
Hard candy 

Microcrystalline isomalt product produced according to the process of Example 1 was 
evaluated in a standard hard candy production and compared to a hard candy made from a 
commercially available isomalt (Isomalt Type PF, Sudzucker AG). 

A 1.5 kg batch (dry substance) of 1) 100 % Isomalt Type PF and 2) microcrystalline 
isomalt was diluted to 85 % solids with water and placed in a sauce pan. The batch was 
first heated on a hot plate until all the material was solubilized. The batch was then 
transferred to a vacuum cooker and heated to approximately 160 to 165 °C before a 
vacuum of 0.3 bar was applied for 10 minutes. The syrup was then transferred from the 
cooker to a slab and tempered until a suitable texture for drop rolling was achieved. The 
tempered mass was fed through a drop roller and the finished candies were wrapped in 
cellophane after a few minutes cooling time and some of the candies from each batch was 
left unwrapped. The syrup viscosity, the tempering time, the handling characteristics of 
the mass, the temperature of the mass prior to drop rolling and the finished candy quality 
were noted. 

Moisture contents of the finished samples were measured using a Mettler Toledo DL35 
Karl Fischer titrator. 

Accelerated storage trials were carried out at 55 % relative humidity at 20 °C and at 70 % 
relative humidity at 20 °C on unwrapped samples. The samples were weighed periodically 
and an average % weight gain for each product was calculated. At the end of the test 
period the overall quality of the candies was assessed. The results are indicated in Table 2. 



WO 00/64916 



18 



PCT/FIOO/00338 



Table 2. Analysis results 



Batch 



Boiling 
time 



Tempering 
time 



Forming 
temp. 



% Solids 



Isomalt PF 



16 min 35 s 



6 min40 s 



76 °C 



99.1 % 



Microcryst. 
isomalt 



14 min 57 s 



6 min 10 s 



82 °C 



99.3 % 



Both batches handled very similarly in the drop roller. In the storage trials at 55 % RH at 
20 °C both samples appeared similar after 76 days. Both were clear and showed no 
changes from their original appearance. The weight gains of the samples were virtually the 
same. However, the samples stored at 75 % RH showed some differences. Both samples 
had become dull and cloudy with a waxy layer on the outer surfaces with the samples of 
Isomalt PF having some white patches around the edges. The Isomalt PF samples had 
gained 2.9 % whereas the microcrystalline isomalt had gained only 2.2 % weight. 

The overall impression was that microcrystalline isomalt performed very similarly to 
Isomalt Type PF. 



A mixture of microcrystalline 1,6-GPS and 1,1-GPS (isomalt) produced according to the 
procedure described in Example 1 was assessed in a standard chocolate production and 
compared to chocolate made from commercially available milled grade isomalt. 

The following ingredients were used 



Example 6 
Chocolate 



a) Microcrystalline isomalt 

b) Isomalt PF (Sudzucker AG) 



Cocoa Liquor (BCM) 
Cocoa Butter (BCM) 
Lecithin (Lucas Myer) 



46.0% 
46.0% 
42.0% 
11.8% 
0.2% 



The sweeteners a) and b) were each mixed with the cocoa liquor. The resulting mixture 
was then passed through a three roll refiner to produce a flake. The flake was mixed again 
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and a part of the cocoa butter was added. The mix was re-refined with increased pressures 
to produce a flake with a fat content of 32%. The resulting flakes were stored prior to 
conching. 

Both batches of flake were heated to 40°C. This temperature heated the flake sufficiently 
for ease of processing without over-heating. The batches were loaded into a conch and the 
remaining cocoa butter was added to produce a final chocolate with 35% fat. All lecithin 
was added one hour prior to removal of the batch from the conch. Both batches had 
similar performance. 

Example 7 

Physical properties of isomalt 

A batch of microcrystalline isomalt produced in accordance with the procedure described 
in Example 1 was analyzed as to its physical properties and compared with those of 
commercial grade isomalt (Isomalt F, Sudzucker AG). 

The following analysis methods were used: 

Moisture was measured using coulometric Karl Fischer titration 
DSC analysis was made at a speed of 10°C/minute 

Howability: A 500 g sample was poured into a a dry funnel whose bottom opening was 
blocked. The bottom opening was unblocked and the time needed for the entire sample to 
flow out of the funnel was measured. 

Bulk density: The sample was poured to 500 ml measuring cylinder. The sample was 
tapped 10 times, levelled and the amount of the sample was weighed. 
Hygroscopicity: 10 g of the sample was weighed to a petri dish. The open dish was put 
into a humidity cabinet. The change in weight was measured. Humidity cabinets at 25 °C 
and relative humidity 60 % and at 40 °C and relative humidity 70 % were used. 
Particle size distribution: Sieve analysis was used to determine the particle size. 
Dissolving rate: 100 g of the sample was put to 100 g of water at 20 °C and 40 °C. A 
small paddle mixer, 250 rpm, was used to mix the solution. During the dissolution the 
refractive index was measured, and the time for dissolving was recorded. 
Heat of solution: 40 g of the sample was dissolved in 670 g of distilled water at 25 °C. 
The heat of solution was measured with a calorimeter operating in a constant temperature 
environment. 
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The analysis results are shown in Table 3. 



Table 3. Isomalt: Analysis results 
Analysis 

Moisture, % 
DSC, 10 °C/min, peak at °C 



Flowability, s 

Bulk density, g/500 ml 

Heat of solution, cal/g 

Hygroscopicity 
at 25°C, % H 2 0/48h 
RH60%, %H 2 0/216h 

at 40°C, % H 2 0/48h 
RH70%, %H 2 0/216h 

Sieve analysis 

> 0.710 mm 

> 0.560 mm 

> 0.450 mm 

> 0.315 mm 

> 0.250 mm 

> 0.180 mm 

> 0.100 mm 
0 

Mean particle size, mm 
Coefficient of variation, % 



Microcryst. 
isomalt 

5.5 

102.0 
154.2 

18 

340 

12.8 



0.22 
0.23 

0.69 
0.75 



17.0 

21.6 

14.9 

14.2 

13.6 

12.2 

6.0 

0.6 

0.48 
39 



Isomalt F 

2.5 

94.2 
147.3 

15 

418 

7.0 



1.19 
2.05 

3.07 
3.15 



2.3 

25.8 

31.7 

30.0 

7.3 

2.9 

0.2 

0.1 

0.48 
26 



The total crystallinity of the microcrystalline isomalt determined from DSC-grams was 
over 65%. The difference in hygroscopicity between the microcrystalline isomalt and the 
commercial product was significant. 

Example 8 

Crystalline structure of the microcrystalline glucopyranosylalditols 



SEM photos were taken of the microcrystalline isomalt produced according to Example 1 
as well as of crystalline 1,6-GPS and 1,1-GPM crystallized from an aqueous solution in a 
conventional manner. 
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The microcrystalline isomalt in SEM photos in 200x magnification (Fig 1) showed a 
myriad of small crystals looking like normal crystal lumps but smaller. The micro- 
crystalline structure showed very clearly in lOOOx magnification (Fig. 2). 

Comparable SEM photos of conventional crystalline 1,6-GPS and 1,1-GPM in 200x 
magnification (Figs 3 and 4, respectively) indicate the difference in the crystal size. 
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Claims 

1. A process for the crystallization of glucopyranosylalditols, comprising 

- contacting a liquid containing one or more dissolved glucopyranosylalditols selected 
from the group consisting of 1-O-a-D-glucopyranosyl-D-mannitol (1,1-GPM) and 
6-O-a-D-glucopyranosyl-D-sorbitol (1,6-GPS) and optionally 1-O-a-D-glucopyranosyl- 
D-sorbitol (1,1-GPS), with gas suspended fine solid particles containing one or more of 
said glucopyranosylalditols; 

- causing substantial removal of the solvent component of said liquid and allowing the 
resulting glucopyranosylalditol material to form an essentially solid composition of matter 
comprising a multitude of microcrystals of said glucopyranosylalditol(s); and 

- causing said glucopyranosylalditol composition to be conditioned during a further drying 
step to provide a product with a multitude of microcrystal containing particles of gluco- 
pyranosylalditol(s) agglomerated together in a random manner. 

2. The process according to claim 1, wherein said gas suspended fine solid particles 
consist essentially of microcrystals of one or more of said glucopyranosylalditol(s). 

3. The process according to claim 2, wherein said product consists essentially throughout 
its entire structure of a multitude of microcrystals of one or more of said glucopyranosyl- 
alditol(s) agglomerated together in a random manner. 

4. The process according to any one of claims 1, 2 or 3, wherein said glucopyranosyl- 
alditol is 1 -O-a-D-glucopyranosy 1-D-mannitol (1,1-GPM) or 6-O-a-D-glucopyranosyl-D- 
sorbitol (1,6-GPS) or a mixture thereof, preferably an equimolar mixture thereof (iso- 
malt). 

5. The process according to any one of the preceding claims, wherein said liquid is an 
aqueous solution of one or more glucopyranosylalditols having a glucopyranosylalditol 
concentration of about 30-80% by weight, preferably about 50-70% by weight. 

6. The process according to any one of the preceding claims, comprising heating said 
liquid to a temperature of about 45-95 °C, preferably about 60-80 °C prior to said 
contacting. 
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7. The process according to any one of the preceding claims, wherein said contacting 
comprises spraying said liquid into contact with said gas suspended fine solid particles. 

8. The process according to any one of the preceding claims, wherein said liquid contains 
a minor portion of an excipient, a binder, an active ingredient and/or other sweetener than 
a glucopyranosylalditol. 

9. The process according to any one of the preceding claims, wherein a secondary spray 
of another liquid containing an excipient, a binder, an active ingredient and/or other 
sweetener is simultaneously provided. 

10. The process according to any one of the preceding claims, wherein said removal of 
said solvent is performed by the introduction of a drying gas such as air heated to a 
temperature of about 45-250 °C, preferably about 70-160 °C. 

11. The process according to claim 10, wherein said solvent is water and said solvent 
removal provides a glucopyranosylalditol material dried to a free moisture content of 
about 0.1 to 2 %, preferably below 1% while said glucopyranosylalditol material is still in 
a gas suspended state. 

12. The process according to any one of the preceding claims, wherein said conditioning 
is maintained so as to allow glucopyranosylalditol microcrystallization to proceed in said 
composition. 

13. The process according to any one of the preceding claims, wherein said glucopyrano- 
sylalditol composition is allowed to settle on a moving belt and to form thereon a 
substantially continuous agglomerated porous layer having a thickness of about 0.5-15 cm, 
preferably about 3-7 cm. 

14. The process according to claim 13, wherein said conditioning includes treating said 
composition in said agglomerated layer with a drying gas having a temperature of about 
40-100°C, for a time of about 10-180 min or more. 

15. The process according to claim 14, wherein said conditioning is performed in several 
successive steps with decreasing drying gas temperatures. 

16. The process according to claim 14 or 15, which further comprises cooling said 
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conditioned agglomerated layer to provide a flat porous and brittle plate comprising micro- 
crystalline glucopyranosylalditol(s). 

17. The process according to claim 15 or 16, comprising subjecting said plate to a 
comminuting action so as to break up said agglomerated layer, and optionally commin- 
uting the product. 

18. The process according to any one of the preceding claims, which further comprises 
fractionating said microcrystalline particles and recirculating at least a portion thereof to 
provide a feed of said fine solid particles containing microcrystalline glucopyranosyl- 
alditol(s). 

19. The process according to any one of the preceding claims, wherein about 30-70%, 
preferably about 40-60% of the dry substance derives from a feed of solid microcrystalline 
particles. 

20. The process according to any one of claims 1 to 11, wherein said solid particles are 
retained in a fluidized state until they have grown to a predetermined weight. 

21. The process according to any one of the preceding claims, comprising recirculating 
microcrystalline glucopyranosylalditol particles having a mean particle size below about 
0.2 mm, preferably below about 0.1 mm. 

22. The process according to any one of the preceding claims, wherein said microcrystal- 
line glucopyranosylalditol is microcrystalline dihydrate of 1-O-a-D-glucopyranosyl-D- 
mannitol (1,1-GPM) or anhydrous 6-O-a-D-glucopyranosyl-D-sorbitol (1,6-GPS) or a 
mixture thereof, preferably a substantially equimolar mixture thereof (isomalt). 

23. A particulate glucopyranosylalditol product wherein each product particle comprises a 
multitude of microcrystal containing particles of one or more glucopyranosylalditols 
selected from the group consisting of 1-O-a-D-glucopyranosyl-D-mannitol (1,1-GPM) and 
6-O-a-D-glucopyranosyl-D-sorbitol (1,6-GPS) and optionally 1-O-a-D-glucopyranosyl- 
D-sorbitol (1,1-GPS) agglomerated together in a random manner. 

24. The glucopyranosylalditol product according to claim 23, wherein said product 
particle consists essentially throughout its entire structure of a multitude of microcrystals 
of one or more of said glucopyranosylalditol(s) agglomerated together in a random 
manner. 
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25. The glucopyranosylalditol product according to claim 23 or 24, wherein said micro- 
crytals consist of 1-O-a-D-glucopyranosyl-D-mannitol dihydrate or anhydrous 6-O-a-D- 
glucopyranosyl-D-sorbitol, or a mixture thereof, preferably an equimolar mixture thereof 
(isomalt). 

26. The glucopyranosylalditol product according claim 23 or 24, wherein said micro- 
crystals consist essentially of anhydrous 6-O-a-D-glucopyranosyl-D-sorbitol. 

27. The glucopyranosylalditol product according to claim 23 or 24, wherein said micro- 
crystals consist essentially of 1-O-a-D-glucopyranosyl-D-mannitol in the form of the 
dihydrate or in a partly or totally dehydrated form. 

28. The glucopyranosylalditol product according claim 23 or 24, wherein said product 
particle contains amorphous 1-O-a-D-glucopyranosyl-D-sorbitol. 

29. The glucopyranosylalditol product according to claim 23, having a total 1-O-a-D- 
glucopyranosyl-D-mannitol, 6-O-a-D-glucopyranosyl-D-sorbitol and l-O-a-D-glucopy- 
ranosyl-D-sorbitol content of more than 80%, preferably more than 90%, most preferably 
98% or more. 

30. The glucopyranosylalditol product according to claim 24, said product particles 
having been produced by microcrystallization of a liquid containing dissolved giucopyrano- 
sylalditol(s) together with fine gas suspended solid particles containing microcrystalline 
glucopyranosylalditol(s) . 

31. The glucopyranosylalditol product according to claim 23, wherein about 10-90%, 
preferably about 30-80%, most preferably 40-60% of the dry substance of the final 
product derives from a feed of solid microcrystalline particles. 

32. The glucopyranosylalditol product according to any one of the preceding claims 23 to 

31, comprising product particles having a mean particle size of about 0.1-2 mm, 
preferably about 0.15-0.4 mm. 

33. The glucopyranosylalditol product according to any one of the preceding claims 23 to 

32, wherein the size of the microcrystals in each particle is on an average below 50fx 9 
preferably about 10/x. 
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34. The glucopyranosylalditol product according to any one of the preceding claims 23 to 
33, wherein said product particle additionally contains integrally in its structure additional 
components such as excipients, binders, active ingredients and/or other sweeteners. 

35. Use of the microcrystal containing glucopyranosylalditol product according to claim 
23 as a bulk sweetener for the total or partial replacement of sucrose. 

36. Use of the microcrystal containing glucopyranosylalditol product according to claim 
23 in confectionery, bakery products, cereals, desserts, jams, beverages, chocolate, 
marzipan, table top sweeteners, chewing gum, ice cream, and dietetic products as well as 
in pharmaceutical products. 

37. The use according to claim 36 wherein said glucopyranosylalditol product is used in 
hard candies. 

38. Use of the microcrystal containing glucopyranosylalditol product according to claim 
23 in a non-cariogenic chewing gum. 

39. A special sweetener which comprises microcrystal containing glucopyranosylalditol 
according to claim 23. 

40. The special sweetener according to claim 39 which is mainly composed of micro- 
crystalline dihydrate of 1-O-a-D-glucopyranosyl-D-mannitol (1,1-GPM) or anhydrous 
6-O-a-D-glucopyranosyl-D-sorbitol (1,6-GPS) or a mixture thereof, preferably a substan- 
tially equimolar mixture thereof (isomalt). 

41. The special sweetener according to claim 39 which additionally contains other 
sweeteners selected from the group consisting of xylitol, maltitol, lactitol and sorbitol. 

42. A glucopyranosylalditol chewing gum characterizedin that it contains one or 
more glucopyranosylalditol(s) selected from the group consisting of microcrystalline 
1 -O-a-D-glucopyranosy 1-D-mannitol dihydrate, microcrystalline anhydrous 6-O-a-D- 
glucopyranosyl-D-sorbitol and 1-O-a-D-glucopyranosyl-D-sorbitol. 

43. The chewing gum according to claim 42, wherein said microcrystalline glucopyrano- 
sylalditol has been produced by contacting suspended microcrystalline glucopyranosyl- 
alditol particles with a glucopyranosylalditol solution, drying the resulting composition to 
cause glucopyranosylalditol microcrystallization, and conditioning said composition to 
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provide a product consisting essentially throughout its entire structure of a multitude of 
microcrystals of glucopyranosylalditol agglomerated together in a random manner. 

44. A glucopyranosylalditol hard candy, characterizedin that it is made from a 
glucopyranosylalditol product produced by contacting gas suspended particles comprising 
one or more microcrystalline glucopyranosylalditol(s) selected from the group consisting 
of 1-O-a-D-glucopyranosyl-D-mannitol dihydrate and anhydrous 6-O-a-D-glucopyranosyl- 
D-sorbitol with a solution of one or more glucopyranosylalditol(s) selected from the group 
consisting of 1-O-a-D-glucopyranosyl-D-mannitol, 6-O-a-D-glucopyranosyl-D-sorbitol 
and/or 1-O-a-D-glucopyranosyl-D-sorbitol, drying the resulting composition to cause 
glucopyranosylalditol microcrystallization, and conditioning said composition to provide a 
product with a multitude of microcrystal containing particles of glucopyranosylalditol(s) 
agglomerated together in a random manner. 
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